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Abstract 


The study was carried out at Mpwapwa Livestock Training Agency (LITA) Dairy unit during dry season to examine the 
interactive effect of dairy cattle breeds and their physiological condition on grazing behaviour and the influence of 
topographical features on grazing distribution. The experimental design involved 2x3 factorial arrangements with two 
factors; breed (Friesian, Ayrshire and Jersey) and physiological status (dry, weaners and lactating). Focal observation 
method was used by three trained observers to examine focal animals for four days consecutively. Field survey 
techniques were used for recoding different signs of animals’ movement from upper-land and lowland. It was revealed 
that the time spent for foraging was inversely proportion to the time spent for rumination; grazing being higher for 
Friesian and Ayrshire breeds and significantly lower for Jersey breed. Interestingly, lactating cows had significantly lower 
feeding rate which was associated with concentrate supplementation. More studies are recommended not only to 
determine the impacts of supplementation on production levels but also economic implication of supplementation. 
Moreover, Friesian and Jersey displayed higher feeding rate at weaning stage and drying-off period respectively which 
implies the complex interrelationship between genomic characteristics and physiology of animals and thus calls for in- 
depth studies. Nevertheless, a preferential choice of grazing animals in lowland has ecological implication by increasing 
grazing pressure on lowland pastures. Appropriated range management practices such as proper stocking rate, water 
point distribution and pasture improvement are recommended. Further studies are also recommended to examine 


nutritional composition and seasonal variation in forage resources. 
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Introduction 


Livestock production in semi-arid rangelands which is 
the large proportion of Mpwapwa grazing land is limited 
not only by scarcity of forage but also the challenges 
related to foraging ability due to variations in animals’ 
breed and physiology. Foraging for many animals is 
energetically demanding activity constrained by genetic 
and environmental factors. Although, some individuals 
might naturally be exhibited with higher foraging ability, 
but physiological status and morphology can significantly 
shaped their foraging behaviour [1]. Diet selection, does 
not only depend on availability and nature of feed offered, 
but also the genetic and metabolic requirements which is 
the functional of physiological condition of animals [2]. To 
the large extent, diet selection defines the biological make 
up of animals. Besides, the selectivity nature of animals, 
grazing ruminants are continuously searching not only for 
high quality diet but also large portions to satisfy their 
nutritional and metabolic requirements. Although, dairy 
cows are characterized by relatively higher nutritional 
requirements, there is limited information on how 
different breeds and changes in physiological status can 
affect their grazing behaviour. Understanding behavioural 
responses of dairy cattle of different breeds with varying 
physiological conditions is crucial for planning the 
appropriate range resources utilization. 


A large population of cattle (95%) raised in Tanzania 
is native breed (Tanzania Short Horn Zebu) with low 
genetic potential as evidenced by low growth rate, low 
mature weight, low calving interval and yield [3,4]. 
Between 1970s’ and 1990s, exotic breeds (Friesian, Jersey 
and Ayrshire) were imported to Mpwapwa Livestock 
Research Institute to improve milk production, however, 
the target of producing 2,300 kg of milk per 305 day 
lactation has not been realized [5,6]. Even the efforts of 
crossing between local breed and exotic breed were 
reported to under-perform in terms of milk and carcass 
yield [5]. While the efforts to improve genetic potential 
were unsuccessfully at Mpwapwa, little information is 
known on the foraging ability of these imported exotic 
breeds subjected to different environmental factors. 
Although, genetic attributes are considered to have strong 
influence on foraging ability, but environmental factors 
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coupled to physiological condition of animals can 
significantly determine the foraging behaviour of animals. 


Dairy cattle production in Mpwapwa_ Livestock 
Research Institute (TALIRI) and Livestock Training 
Agency (LITA) depend entirely on low quality natural 
pastures. The grazing land is characterized with high 
temporal variations in forage availability and quality, 
being very low during dry season [6]. In addition to 
temporal variation in available forage resources, spatially, 
the area is characterized with rough topography which 
limits the accessibility and thus selection ability of grazing 
animals. Planning for efficiency utilization of forage 
resources in Mpwapwa, considering its spatio-temporal 
variations, understanding of breed effects and their 
physiological condition is imperative. Limited information 
is available in the study area on how the three exotic 
breed (Friesian, Jersey and Ayrshire) respond on natural 
pasture. Nevertheless, the influence of variation in their 
physiological status (being dry, lactating or warner) on 
grazing behaviour is less documented. The current study, 
i) examined the interactive effect of dairy cattle breed and 
their physiological condition on grazing behaviour on 
natural pastures and ii) influence of topography on 
grazing distribution. 


Materials and Methods 


Description of Study Area 


The study was carried out at Mpwapwa Livestock 
Training Agency (LITA) Dairy Unit adjacent to the 
Mpwapwa Livestock Research Institute farm. The study 
area is typically semi-arid with an average rainfall of 660 
mm per annum [6]. The mean daily temperature is 26 °C, 
with the minimum temperature in August (13.8 °C) and 
maximum temperature in November (30.2 °C) [6]. The 
grazing land is dominated by natural pastures consisting 
mainly of Hyparrhenia spps, Brachiaria brizantha, Cynodon 
dactylon, Chloris gayana, Cenchrus ciliaris Heteropogon 
contortus, and Panicum maximum. Although, vegetation 
composition is considered suitable for livestock grazing 
especially during rainy season, but both availability and 
quality of these pastures decline tremendously during dry 
season. Topographically, the study area is located in 
rough terrain covered by more than 60% rock hills (here 
refers as upper-hland) and less than 40% valleys 
(lowland) with seasonal rivers. 


Study Design and Data Collection 


The study was carried out at Mpwapwa Livestock 
Training Agency (LITA) dairy unit at the mid of dry 
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season, September 2017. The experimental design 
involved 2x3 factorial arrangements with two factors 
(breed and physiological status) and each factor had three 
levels. Three breeds of exotic dairy cows were studied 
namely; Friesian, Jersey and Ayrshire with three different 
variations in their physiological status being; Dry, 
Weaners and Lactating animals. Nine focal animals were 
selected, (3 Friesian, 3 Jersey and 3 Ayrshire) three from 
each category of physiological condition (Dry, Weaners 
and lactating). Selected animals were neither separated 
from their respective group nor received different 
treatments; rather were ear-tagged for easier 
identification in the field. The three groups (dry, weaners 
and lactating) were herded in the field separately by 
different herders but were grazing in the same area from 
7:00 am to 2:00 pm. However, before released to the field 
the lactating dairy cows were normally supplemented 
with high energy concentrate and after returning from the 
fied during milking time. Although amount of 
supplements were calculated based on body weight and 
milk yield, but approximately each animals received 4 kg 
per day (2 kg in the morning and other 2 kg during 
milking). 


The study used focal observation approach as 
described by Martin and Bateson, whereas three 
observers followed the selected focal animals in the field 
for four days consecutively [7]. Observers were trained 
one week before field work and were accustomed to 
grazing animals for another week prior to data collection. 
One experienced observer was allocated in each group for 
recording behavioural responses displayed by focal 
animals. From each group three focal animals were 
selected for observation, one per breed (1 Friesian; 1 
Jersey and 1 Ayrshire). Observations were carried out for 
5 minutes intervals before observer switched to another 
focal animal. The observation cycles proceeded until each 
focal animal attained 12 observation bouts. The 
parameters recorded includes the time (in second) spent 
for different activities such as grazing, browsing, walking, 
ruminating and idling. In this context, animal was 
considered idling when either standing or lying without 
feeding or ruminating. Other behaviours responses such 
as grooming, scratching, defecating and urinating were all 
grouped as others. Observers also recorded the number of 
patches visited and number of bites per 5 minutes 
interval. 


For grazing distribution, ground observation was done 
using field survey techniques such as line transects and 
quadrat approaches for recoding different signs of 
animals’ movement. Two distinct grazing lands (Upper- 
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land and Lowland) were identified based on their 
topographical features which were hypothesized to affect 
grazing distribution. The Upper-land was located at 
approximately 1,200 m and more above sea level while 
the lowland area was located at approximately less than 
800 m above sea level. From each grazing land, five 
transect lines were established from the base line (the 
road dividing the two areas). The length of transect lines 
were approximately 500 m long and the distance from 
one transect line to next was 200 m apart. Along each 
transect line; five sampling points were marked at the 
interval of 100m using (1x 1 m) quadrat point where data 
were recorded within the marked points. Parameters 
recorded include, the number of dungs, hooves, bites, 
trails and signs of urination. 


Data Analysis 


Behavioural data were subjected to Analysis of 
Variance (ANOVA) using proc mixed model of SAS (2004). 
Prior to statistical analysis the distribution of data were 
tested using Anderson-Darling test of Goodness-of-Fit (at 
5%) and found to be normally distributed (P > 0.05). 
Breed of animals and physiological status were treated as 
fixed main effects while observers and days were 
considered as random effects in the model. Two-way 
interaction of breed and physiological status of dairy 
cattle on grazing behaviour were analysed. Treatment 
differences were separated using the Least Squares 
Difference (LSD) as described by Montgomery [8]. For 
spatial distribution of animals the General Linear Model of 
SAS was used to analyse the main of topography of 
grazing distribution [9]. 


Results 


Results on behavioural responses of different breeds 
of animals and their physiological status are presented in 
table 1. Significant variations were noted in almost all 
behavioural responses across breed and physiological 
condition of animals. Generally, all breeds spent more 
than 50% of their total time in the field for grazing. While, 
both Ayrshire and Friesian spent similar amount of time 
grazing, Jersey found to spend relatively fewer seconds 
grazing and much of their time were spent for rumination 
(Table 1a). Surprisingly, Friesian animals were noted to 
be more idling and docile group in the field compared to 
other breeds. 


Physiological conditions of animals were also noted to 
influence the behavioural responses of foraging animals 
in the field as presented in Table 1b. Regardless of breed, 
all lactating animals were observed to spent significantly 
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little amount of time feeding (grazing and browsing) 
compared to those which dried and weaners. This group 
spent much of time in the field for ruminating and in 
several cases were noted to be idle. Of all three 
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physiological categories, dry group spent significantly 
more time grazing followed by weaners. Interestingly, 
weaners were noted to spend more time walking from 
one patch to next searching for more palatable patches. 


Grazing Browsing Walking Ruminating Idling Others 

Ayrshire 159.54a 0.51b 21.13b 67.73b 14.02b 37.06a 

Breed Friesian 155.22a 6.26a 24.30a 0.01c 100.90a 27.46b 

Jersey 128.84b 6.42a 17.24b 103.30a 13.92b 30.20b 

SE 35.36 1.7 13.73 3.9 12.44 14.72 

Table 1a: The main fixed effects of breeds on grazing behaviour of dairy cattle. 

Grazing | Browsing | Walking Ruminating Idling | Others 
Dry 220.29a 4.32b 8.82c 0.13b 9.86c | 56.42a 

Physiological status Lactating 24.17¢ 0.13c 14.57b 158.02a 97.66a | 5.43c 
Weaners | 199.14b 8.73a 39.27a 0.01b 19.91b | 33.97b 

SE 7.43 1.55 4.53 8.96 9.73 4.94 


Table 1b: Effects of physiological condition of animals on grazing behaviors of dairy cattle. 


Different letters within the column indicate significant 
difference at 5%. Lactating animals exhibited poor 
grazing pattern as evidenced by significantly fewer 
number of patches visited and number of bites per unit 
time (Figure 1). Surprisingly, both dried animal (DR) and 
young weaned animals (WN) had similar number of 
patches visited, though the dried group observed to have 


more bites per unit time. On the other hand, Ayrshire 
group (A) found to have significantly low number of 
patches visited, yet their biting rate did not differ 
significantly with those from Friesian group (F). Of all 
studied breeds, Jersey revealed significantly fewer 
numbers of bites per unit time despite of having visited 
adequate number of parches. 
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Figure 1: The mean number of patches (a) and bite (b) in relation to effects of breed and physiological condition of 
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The two ways Analysis of Variance (ANOVA) revealed 
significant interactive effects of breed and physiological 
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condition of animals (Table 2). For example, the young 
weaning Friesian spent more than three folds time 


Copyright© Ismail SS. 


grazing in the field compared to the same breed when 
they are lactating. Although lactating animals spent 
relatively less time feeding in the field, but lactating 
Friesian had slightly higher time grazing compared to 
their counterpart groups (Ayrshire and Jersey). Generally 
all experimental animals spent less time browsing, but 
there were significant interactive variations whereas; 
young weaning Jersey displayed significant higher time 
browsing compared to others. 


The physiological conditions of animals rather than 
breed found to have significant effects on rumination 
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whereas only lactating animals were found to ruminant in 
the field. It was noted that time spent for rumination was 
inversely proportion to the time spent for feeding; the 
more the time animals spend for feeding the less the time 
spent for rumination. However, within lactating animals, 
Friesian had relatively spent less time rumination 
compared to Ayrshire and Jersey. In some cases, lactating 
group was observed being more idling; sleeping or 
standing without feeding or ruminating. Some animals 
like dry Jersey were noted spending more time 
performing other behavioural activities such as courtship 
behaviour, running and fighting. 


Bei Breed Grazing Browsing walking ruminating idling others 
Ayrshire | 227.84 +12.27b| 0.00 +2.63e | 5.62 +7.69c | 0.00 +15.21d 15.85 +16.51c | 50.67 +8.38b 
Dry Friesian | 235.60 +12.79b |10.13 +2.74b| 21.39 +8.02b| 0.00 +15.86d 1.62 +17.21d_ | 31.24 +8.73c 
Jersey |197.91 +12.52c| 3.04 +2.68c | 0.00+7.85c | 0.00 +15.52d 12.12 +16.85c | 86.92 +8.55a 
Ayrshire| 4.68 +412.27f | 0.00 +2.63e | 9.16+7.69c | 223.80 +15.21a | 59.40416.51b | 2.96 +8.38d 
Lactating | Friesian | 70.78 +12.79e | 0.17 +2.74e | 27.56 +8.02b| 85.26+415.86c | 112.17+17.21a | 4.04 +8.73d 
Jersey | 0.00+412.52f | 0.00 +2.68e | 7.62 +7.85c | 162.62 +15.52b | 120.00 +16.85a | 9.75 +8.55d 
Ayrshire |210.08 +12.52b] 1.66 +2.63d | 47.12 +7.69a | 0.00 +15.21d 20.04 +16.51c | 21.08 +8.38c 
weaners __| Friesian | 264.04 +12.52a| 0.00 +2.74e | 20.62 +8.02b| 0.00 +15.86d 0.67 +17.21d_ | 14.67 +8.73c 
Jersey {123.29 +12.52d|24.54 +2.68a| 50.08 +7.85a | 0.00+15.52d | 39.04+416.85b | 63.04 +8.55b 

NB: Different letters within the column indicate significant difference at 5% level. 


Table 2: Interactive effects of breeds and physiological condition of animals on behavioural responses. 


Regardless of breeds, all lactating animals displayed 
significantly low feeding activities as presented by low 
number of patches visited and number of bites per five 
minutes interval. On the other hands, the young animals 
under Jersey breed that were just weaned indicated to 
have visited many number of patches compared to other 


groups (Figure 2). Besides, having visited many patches, 
the weaned-Jersey had attained relatively low number of 
bites. On the contrary, the dried-Jersey had significantly 
higher number of bites per five minutes compared to all 
groups. 
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Figure 2: Interactive effect of breed and physiological status on mean number of patches (a) and bites (b). 
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The field evidences through observation of different 
animals’ signs indicated that the distribution of grazing 
animals was skewed toward lowland than upper-land. 
Among the signs observed were cow dungs, number of 
hooves per unit area, bites, sign of urination and number 
of trails. Except bites and urination, all signs indicate 
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significant higher values in the lowland compared to 
upper-land. For example, number of dungs and trails were 
almost double in the lowland compared to upper-land 
whereas, number of hooves were five folds in the lowland. 
Surprisingly, the mean numbers of bites were significant 
higher in the upper-land compared to lowland. 


Dungs Hooves Bites Sign of Urine Trails 
Lowland 17.66 +4.81 50.30 + 11.74 17.39 + 3.10 0.36 + 0.16 2.08 + 0.32 
Upper-land 9.52 + 6.81 10.28 + 16.61 26.72 + 4.39 0.48 + 0.23 1.28 + 0.45 
Significance at 5% “ ities iil NS oe 
NB: NS = None significance, ** (a = < 0.01) and *** (a = < 0.001). 


Table 3: Different signs of animals’ distribution from both upper-land and lowland. 


Discussion 


Genetic differences among grazing animals can be 
reflected by variation in grazing behaviour across 
different breeds which are developed over long term 
behavioural adaptations. Significant differences in grazing 
and rumination rates displayed by Friesian, Ayrshire and 
Jersey may imply variations in selectivity and digestibility 
efficiency among different breeds. Interestingly, the time 
spent for grazing was inversely proportion to the time 
spent for rumination. Friesian and Ayrshire tended to 
spend relatively higher amount of time grazing with 
respective less time for rumination in the field. On the 
contrary, Jersey that displayed significant less time 
grazing had spent more than 100% and 32% time 
ruminating compared to Ayrshire and _ Friesian 
respectively. This is grazing pattern indicates that 
inherent specific idiosyncrasies, are most important 
factor in determining grazing behavior of animals. York, 
highlighted that, although physiological mechanism 
contribute to shaping behavior of grazing animals, but to 
the large extent feeding behavior is subject to control by 
animals’ individuality [10]. 


Surprisingly, Jersey were noted to be relatively slower 
grazers using less time grazing where most of their time 
in the field were used for rumination. High rumination 
rate probably was used to facilitate effective digestion and 
efficiency assimilation of available nutrients ingested. 
Slow grazers are said to be highly selective; select less 
fibrous diet, feed on readily available fast growing and 
nutritious plants and efficiency in digestion [11,12]. On 
the other hand, high grazing rate as displayed by Friesian 
and Ayrshire (that spent substantial amount of time 
grazing in the field) is considered as grazing strategies 
that maximize intake rate during day time and spare 
resting time (most likely at night) for rumination. Rook 
explained that, less selective animals tend to maximize 
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intake rate during day hours and they are capable to 
retain feed longer in the rumen to facilitate complete 
digestion of cellulose and _ other non-structural 
carbohydrate through rumination at night [13]. Bovoletas 
and others postulated that, grazing is strategically diurnal 
activity (occupied more than 90% of total time) while 
rumination is dominant activity at night when animals are 
resting [14]. 


Regardless of breed effects, the main fixed effect of 
physiological condition of studied animals revealed that, 
lactating animals had spent significantly less time feeding 
(8% of total time grazing and browsing) in the field. They 
spent much of their time in the field ruminating (52% of 
their total time) or idling (32% of total time). This is 
attributed mainly with concentrated supplementation as 
lactating dairy cows were supplemented with high energy 
concentrate before released to the field and during 
milking time. Krys] and Hess postulated that, concentrate 
supplementation disrupt the normal grazing pattern of 
animal and thus can adversely affect forage intake in the 
field [15]. The current findings were in line with those of 
Bovoletas and others who noted significant reduction in 
grazing time and herbage intake as results of concentrate 
supplementation [14]. It was reported elsewhere that, 
when supplemental concentrates were increased from 
2kg/day to 8kg/day, the grazing time decreased by 
approximately 1.5 hours/day [15]. The similar pattern 
has been noted in the current study, where lactating 
animals were supplanted about 4kg/day and their grazing 
time reduced to 8% of total time spent in the field. In 
addition, lactating animals visited relatively fewer 
numbers of patches and had significantly lower number of 
bites per five minutes which implies low herbage intake 
in the field since the daily herbage intake is considered as 
a functional of grazing time and biting rate. Although, 
Gibb and others couldn’t establish effects of different 
levels of concentrate supplementation on feed intake, but 
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the authors cautioned that, supplementation may 
considerably reduce the benefits with regard to 
production efficiency in condition where high herbage 
intake might otherwise be achieved [16]. 


The current study also revealed interaction effects of 
breed and physiological condition of grazing animals. For 
example, it was observed that, Friesian when they are at 
weaning stage tends to spent significantly more time 
grazing compared to other interactive groups. High 
grazing time could be adaptation or strategy to maximum 
feed intake using few quality patches to satisfy their 
nutritional requirements. Friesians were noted to have 
low Feed Conversion Efficiency (FCE) and therefore 
increasing dry matter intake (DMI) could probably be one 
of the coping strategies for satisfying their nutritional 
requirements [17]. Similarly, Jersey breed at dry stage, 
were noted to have significant higher bite rates which 
most likely associated with their genomic regions and 
feeding experiences. Although, dairy cows during drying 
period tend to have relatively low nutritional 
requirements, but other factors such as_ inherent 
individual characteristics and spatial memory can 
increase the intake rates. Spatial memory as results of 
post-ingestive feedback mechanism and learning process 
are important factors determined forage intake in the 
field [18,19]. 


Grazing distribution is a major concern in range 
management because un-even distribution of grazing 
animals may results into poor efficiency utilization of 
range resources. Evidence from field data suggests that, 
topography was one of the important factors affecting 
grazing distribution resulting into grazing heterogeneity 
between the two landscapes; upper-land and lowland. 
Significant higher accumulation of dungs and relatively 
large numbers of hooves and trials in the lowland present 
grazing preference and thus pressure over pasture in the 
lowland compared to upper-land. These findings 
concurred with the views of Adler and others who 
suggested that, cattle are strategically selective animals, 
choosing among large patches in the easy land compared 
to hilly land [20]. Decision on selection of grazing sites is 
controlled by previous knowledge on_ vegetation 
consumed and spatial memory of potential accessible 
sites [2]. Surprisingly, bite rates were significantly higher 
in the upper-land compared to lowland the fact that was 
not expected. Variation in vegetation types and season 
can probably explains the observed disparities, since in 
the upper-land the fresh browses species were 
predominant and thus were easy to identify the bites 
compared to lowland which was dominated by dried 
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grasses during dry season that hindered identification of 
bites. 


Conclusion 


The study examined the interactive effect of dairy 
cattle breed and their physiological condition on grazing 
behaviour on natural pastures and the influence of 
topography on grazing distribution. Generally it was 
observed that the time spent for foraging was inversely 
proportion to the time spent for rumination; grazing 
being higher for Friesian and Ayrshire breeds and 
significantly lower for Jersey breed, the fact that was 
largely associated with individual specific inherent 
characteristics. Surprisingly, lactating animals with higher 
nutritional requirements spent significantly lower 
amount of time feeding with relatively low bite rates in 
the field compared dried and weaned animals. Low forage 
intake by lactating animals was associated with 
concentrate supplementation that was offered to this 
group before released to the pasture and during milking 
time. In the absence of information on cost of concentrate 
supplementation, it is not possible to state whether 
lactating animals should be supplemented in expense of 
forage intake reduction. 


Studies are needed not only to determine the impacts 
of supplementation on production levels but also 
economic implication of supplementation. Moreover, 
interaction of breeds and physiological conditions of 
animals was highly significant and clearly displayed by 
higher feeding rate for Friesian when they are at weaning 
stage and Jersey at drying-off period. This implies that, 
there is a complex interrelationship between genomic 
characteristics and physiology of animals on nutritional 
requirements and feeding responses that need in-depth 
studies. Nevertheless, preferential choices of grazing 
animals in lowland area has ecological implication as 
animals may exerts more pressure on lowland pastures 
and thus cause severe degradation of range resources. 
Appropriated range management practices such as 
proper stocking rate, water point distribution and pasture 
improvement is recommended. Further studies on 
nutritional composition and seasonal variation in quality 
and availability of forage resources in the study area are 
recommended. 
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